The els gene superfamily encodes a class of transcription factors that bind to a purine rich sequence through a 85 amino-acid ETS domain. Among them, the human erg gene has been found to be involved in Ewing's sarcoma, primitive neurectodermal tumour of childhood and acute myeloid leukaemia. Nevertheless, little is known about human erg expression. Northern blot analyses have shown a human erg expression restricted to few cell lines and thymus, but the status concerning expression during development remains unknown probably because no homologue of this gene has yet been isolated and studied in other vertebrates. We thus choose to clone the chicken erg gene @k-erg) and to study its expression during chicken development. We obtained a bona fide clone of ck-erg and defined the transcriptional modulating properties of its product. The ck-Erg protein acts as a transcriptional activator through a conventional consensus ETS binding site. Northern blot studies on various chicken tissues, in situ analyses and comparison with the well-characterised c-ets-1 expression show that ck-erg is expressed in mesoderm-and, to a lesser extent, in ectoderm-derived tissues. During chicken development, two salient features could be observed. From stage El to E3.5, ck-erg expression was widely distributed in mesodermal derivatives and neural crest, resembling c-ets-I expression. However, by E6, the expression of ck-erg exhibited, unlike c-ets-I, a drastically new and strong signal in precartilaginous condensation zones and cartilaginous skeletal primordia. These stages are the first steps of bone formation during skeleton elaboration. Our results show for the first time a possible specific involvement of ck-erg in cartilage morphogenesis.
Introduction
The ets gene superfamily encodes a class of transcriptional modulators and, to date, includes over thirty members (for review, see MacLeod et al., 1992) . After the isolation in chicken of the founder of the family, vets, and its cellular homologue c-e&-Z (Leprince et al., 1983) , related genes in that family have been isolated, well conserved in evolution, in lower metazoan (Degnan et a1.,1993) , Drosophila Chen et al. 1992; Klimbt 1993) , sea urchin (Chen et al., 1988) , Xenopus (Meyer et a1.,1993; Stiegler et al., 1993) , chicken, mouse and human (Leprince et al., 1988; Reddy et al., 1988; Watson et al., 1988) . All of the ers genes products share the so-called ETS domain that is known to be responsible for sequence specific DNA binding activity (Thompson et al., 1991; Wang et al., 1992; Janknecht and Nordheim, 1992) . In vitro studies have shown that Ets family proteins act as transcription activators through specific purine rich DNA-binding sequences Reddy et al., 1991; Watson et al., 1992; Duterque-Coquillaud et al., 1993; Zhang at al., 1993) . Numerous ets family members are able to cooperate with other transcription factors (for 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(94)00322-E review, see Janknecht and Nordheim, 1992) , for instance, either c-Ets-1 with AP-1 and Spl (Gegonne et al., 1993) , or human P55"g with El2 (Rivera et al., 1993) .
Among the ets superfamily, a group of four closely related members can be distinguished from the others, based on sequence homology in the N-terminal part of their products:
c-e&l, c-ets-2, erg and jli-I (Lautenberger et al., 1992) . The c-Ets-1, Ets-2, Erg and Fli-1 proteins are known to be able to up-regulate, in transient transfection assays, the activity of a wide range of gene promoters or enhancers such as, for example, Ick type 1, GATA-1, junB, Zg heavy chain and endoA genes Rivera et al., 1993; Leung et al., 1993; Seth et al., 1994; Coffer et al., 1994) . However, these experiments failed to point out clear differences between the transcriptional activity of these four transcription factors. A distinct expression pattern for each of these genes can be a specific property, as recently suggested for two of them, c-e&l and ets-2, in mouse development (Kola et al., 1993; Maroulakou et al., 1994) .
The erg gene is involved in human tumours. Indeed, it is implicated in human myeloid leukaemia with t(16;21) (pl l:q22) chromosomal translocations where it is fused to the TLS/FUS gene (Shimizu et al., 1993; Ichikawa et al., 1994) . The erg gene is also involved in the chromosomal translocations t(21;22) (q22:q12), which are found in Ewing's sarcoma and primitive neuroectodermal tumour of childhood (Zucman et al., 1993; Sorensen et al., 1994) , and where the C-terminal region encompassing the ETS domain of Erg is fused to the N-terminus of the putative RNA binding protein EWS. These two kinds of tumours were first described carrying a t( 11;22) (q24:q12) translocation involving EWS andJli-1, the closest relative of erg (Delattre et al., 1992) .
Little is known about erg gene expression and function. Human erg expression has been described in colon cancer COLO 320 cells where it was originally cloned, as well as in lymphoblastic cells Molt 4 and in several pre-B and B cell lines Rao et aI., 1987; Rivera et al., 1993) . In Northern blot analyses on normal human tissues, erg gene expression appears to be restricted to the thymus (Watson et al., 1992) . Since expression studies during embryogenesis have often provided important clues for elucidation of the biological role of a given gene; we decide to explore erg expression during chicken embryogenesis. For this purpose, we cloned the chicken erg (ck-erg) and investigated its transcriptional properties. Then, using in situ hybridisation, we studied ck-erg expression during early chicken development, namely El-E6, and compared its pattern with that of the extensively studied c-e&l expression (Vandenbunder et al., 1989; QuCva et al., 1993; Kola et al., 1993; Pardanaud and Dieterlen-Lievre et al., 1993; Maroulakou et al., 1994) .
Earlier stages studied (El, E2 and, to a lesser extent, E3.5) show that, similar to c-ets-I, ck-erg is expressed in several mesodermal derivatives such as blood islands, mesenchyme of organ rudiments of other origins, blood vessel endothelium and sclerotome at E2. It is also expressed, like c-ets-I, in the neurectoderm derived neural crest. However, some features of each pattern are different, indeed, in mesenchyme at E2, c-ets-1 expression seems more broadly distributed that of ck-erg one. Moreover, at E3.5 specific expression areas appear for each gene, namely the mesonephritic blastema for c-ets-Z and the dermatome and sclerotome at this stage for ck-erg. However, the main difference between c-ets-I and ck-erg expression pattern is the specific ck-erg expression clearly associated with precartilaginous condensation and cartilaginous differentiation at E6, the earliest steps of bone formation. This result reveals that ck-erg could have its own biological function in the differentiation pathway leading to cartilage elaboration preceding skeleton formation.
Results

Isolation and characterisation of a chicken erg cDNA
A cDNA library from chicken spleen mRNAs was screened, at intermediate stringency, using human ~55~" cDNA as a probe (Duterque-Coquillaud et al., 1993) . After sequence analysis of the longest cDNA, the highest identity score in nucleotide comparison was obtained with human erg (85% in the coding region, Fig.  1 ) (Reddy et al., 1997; Rao et al., 1987; DuterqueCoquillaud et al., 1993) rather than with its closest human relative gene jli-I (74%). Moreover, Southern blot analysis of chicken cDNA using ck-erg and human fli-1 probes confirmed that both genes were present in the chicken genome but were distinct since no cross hybridisation could be detected (data not shown). These data allow us to conclude that our cDNA correspond to the ck-erg gene.
To date, five alternatively spliced mRNA have been described for the human erg locus Rao et al., 1987; Duterque-Coquillaud et al., 1993) . In the chicken cDNA that we isolated, the 5 ' untranslated region contained stop codons in all reading frames and was 80% homologous to the 5 ' portion of human cDNA encoding the ~55~'~; conversely, the 3 ' untranslated part was not conserved. The longest open reading frame started with an ATG at position 63 in the nucleotide sequence and encoded a 478 amino acid polypeptide. This chicken Erg protein showed 95% amino acid similarity with the human p55"g protein (Duterque Coquillaud et al., 1993) . All these data indicate that we isolated the chicken homologue of the human cDNA coding for p55"Y Most of the differences between chicken and human amino-acid sequences were in the domain previously 305-389 ) is boxed. This sequence was submitted to EMBL data 4) pSG5 with ~55 hU+rs sense. This experiment was repeated three bank and the access number is X77159.
times and gave similar results.
described as responsible for negative regulation of transactivation (NRT) (Siddique et al., 1993) , as well as in the N-terminal part of the protein (7 mutations, 1 deletion and 8 mutations, respectively, Fig. 1 ). In the NRT domain, the relative proline richness was conserved between human and chicken (12% in chicken, 16% in human) (Fig. 1) . This was also true in the C-terminal region mapped as a transcriptional activator (20% in chicken, 21% in human) (Siddique et al., 1993) . The ETS domain is nearly perfectly conserved (Fig. 1) .
To characterise the ck-Erg protein, we subcloned the cDNA corresponding to the ck-erg open reading frame into the expression vector pSG5. When transfected into COS cells, the ck-erg cDNA expression resulted in a protein of 55 kDa characterised by immunoprecipitation with anti-erg sera and SDS-PAGE (data not shown).
DNA binding and transactivating properties of the chicken Erg protein
Like its human homologue, ck-Erg protein bound to a conventional Ets Binding Site (EBS) probe in ElectroMobility Shift Assay (EMSA) experiments (data not shown). It acted also as a transcriptional activator in CAT assays using a reporter plasmid containing three copies of a ETS target sequence, TORU (see Experimental procedures) (Gutman and Wasylyk, 1990) , upstream of the thymidine kinase promoter. In these experiments, ck-erg was able to increase the CAT activity by 8-fold in NIH 3T3 ( . RNA blot analysis of total RNA from various newborn chicken tissues (spleen; brain; heart; lung; bursa of fabricius; thymus; various skeletal muscles), whole embryos (E2-E7), chicken embryo ftbroblasts (CEF) and chicken T lymphocyte MSBl cell lines; they were probed with a a[32P]dCTP radio labelled &-erg cDNA fragment (EcoRl 1.2 kb) at high stringency, revealing two major transcripts at 3.2 and 3.6 Kb, respectively (higher panel). The same blot was probed with a (r[32P]dCTP radio labelled GAPDH fragment (lower panel) to assess RNA loads.
alone and with the anti-sense ck-erg expression vector (Fig. 2 , lanes l-2). Similar CAT activity was observed with the pHhumers expression vector (Fig. 2, lane 4) . Thus, the ck-erg gene encodes a transcription factor acting through EBS.
Ck-erg expression studies by Northern blot analysis
So far, the human erg gene was only described as expressed in the thymus (Watson et al., 1992) , in a colon carcinoma cell line, COLO 320, in a T cell-line, Molt 4 , and in early preB and mature B cells (Rivera et al., 1993) . In order to determine the expression pattern of the erg gene through the chicken development, we performed Northern blot analyses on a panel of either chicken tissues or total embryo extracts.
As shown in Fig. 3 , a ck-erg EcoRl (1.2 kb) probe detected two major transcripts of approximately 3.2 kb and 3.6 kb, present at high levels in chicken embryo Iibroblasts, total embryos at E4-E7, as well as in muscle, brain, heart and lung of newborn chicken. These mRNAs were also detectable in chicken spleen and Fabricius bursal tissues and appeared at surprisingly low levels in thymus tissue and in total embryos at E2 and E3. Finally, the ck-erg transcripts were undetectable in the chicken MSB-1 T-lymphoid cell line. Thus, ck-erg appears much more broadly expressed than expected from the published work on the human homologue (Watson et al., 1992) .
Developmental studies of ck-erg expression by in situ hybridisation
These results prompted us to perform in situ RNA hybridisation to localise more precisely the major patterns of ck-erg gene expression during embryonic development. Using adjacent sections of the same embryo, we compared systematically ck-erg expression with that of c-ets-1, which is the ets family member best characterised during chicken development (Vandenbunder et al., 1989; Qutva et al., 1993) . We also used a shorter ck-erg probe without the conserved DNA binding domain. The same ck-erg expression pattern was observed with both ck-erg probes (data not shown).
At El, E2, and E3.5, ck-erg and c-ets-I show similar
but not totally overlapping expression patterns 2.5.1. Expression at El. Fig. 4A -C depict two consecutive caudal transverse sections at the level of the primitive streak of a 24 hours embryo probed with ckerg and c-ets-2. Both genes were expressed in early extra embryonic blood islands ( Fig. 4B and C, arrows) . Anterior sections at the level of the neural fold of the same embryo began to display the ck-erg and c-ets-I signals in the area pellucida mesenchyme ( Fig. 4D and E, arrows). As a control, we hybridised adjacent sections with the ck-erg and ck-ets-I sens probes ( Fig. 4F and G) . Thus, the two genes showed an indistinguishable expression pattern at this stage. 
Expression at E2.
In the anterior part of the embryo, the overall expression patterns observed for ck-erg and c-ets-Z were quite similar in a wide variety of cells of mesodetmal origin ( Fig. 5A and B; C and D) . The ck-erg expression was observed in small capillary walls, for instance, around the negative neural tube (Fig. 5A,  nt) , in the endothelia of the aorta (Fig. 5A, a) and in the forming heart endocardium (Fig. 5A, h ), as previously described for c-e&I expression (Vandenbunder et al., 1989; Qdva et al., 1993) . Both ck-erg and c-e&l seemed strongly expressed in mesenchyme. However, the ck-erg transcripts were detected in discrete subsets of mesenchymal cells whereas c-e&-l expression in mesenthyme appeared more broadly distributed (compare first Fig. 5A and B, then Fig. 5C and D) . Caudal sections showed that neural crest ( Fig. 5E and F, arrows) as well as sclerotome (Fig. 5E and F, SC) expressed both mRNA.
2.5.3. Expression at E3.5 At E3.5, the two genes were still expressed in endothelial cells of the blood vessels and in other tissues of mesodermal origin ( Fig. 6B-E ; C-F) but the expression patterns began to display some clear differences. First, in mesenchymal cells surrounding dorsal root ganglia (dg), the adjacent sections revealed a stronger labelling with the c-ets-1 probe than with the ck-erg probe (Fig. 6 compare B and C) . Second, c-e&-1 transcripts were detected in the mesonephritic blastema (Fig. 6F, arrows) , in which no ck-erg expres- sion was observed (Fig. 6E) . Third, in transverse sections, the ck-erg expression was detected in the dermatome (Fig. 6B, d ) and in sclerotome (Fig. 6E, SC) whereas c-ets-1 transcripts were not expressed in this latter tissue (Fig. 6C, d , and F, SC).
2.6. At E6, ck-erg expression is associated with early steps of cartilage differentiation preceding skeletal formation.
2.6.1. Expression at E6. At E6, although some coexpression sites remain, the expression patterns of the ck-erg and c-ets-1 genes became clearly different. Both mRNAs were still detected in the blood vessel walls and in various subsets of mesenchymal cells (Fig. 7) . For instance, the ck-erg and c-e&l genes were expressed in liver sinusoids endothelium, and in mesenchyme surrounding foregut (Fig. 7A, 1 and g ). A detailed analysis of truncal transverse sections revealed that both transcripts were detected in a subset of mesenchymal cells lining neural tube (Fig. 7C and D, nt) .
The c-e&l was detected around mesonephric tubules and in germinal epithelium of gonads, where, in contrast, no ck-erg expression was detected (data not shown). Fig. 7A is shown as a typical pattern of the ck-erg expression at this stage. The specific ck-erg expression was, unlike c-e&Z, located in precartilaginous areas and in cartilage forming tissues (Fig. 7A, na, vb and fl) . The ck-erg transcripts were, for example, highly visible in the neural arch and in vertebral bodies around the notochord (Fig. 7C, na and vb) . Signals coincided nicely with the alcian blue staining ( Fig. 7B and E) known to label precartilaginous primordia and cartilage forming tissues ( Fig. 7B and E, pc) . This expression in skeletal tissues was confirmed in forelimb sections where the ck-erg gene was strongly expressed in forming cartilage (Fig. 7F, pc) , whereas the c-ets-Z gene transcripts were concentrated in perichondrium tissue including blood vessels (Fig. 7G, p) . Other cartilaginous primordia such as the mandible arch were also strongly positive for the ck-erg gene expression (data not shown).
In conclusion, all in situ hybridisation data obtained show that the ck-erg gene appears to be expressed throughout early stages of development. At El and E2, this expression pattern is nearly superimposable to that of c-e&l. At later stages, E3.5 and E6, the co-expression is still observed but specific expression areas that express only ck-erg appear progressively. These areas represent the precartilaginous condensation zones and cartilaginous primordia preceding bone formation.
Discussion
To get insights in erg gene expression during chicken development, we cloned a ck-erg cDNA. After defining the in vitro DNA-binding and transactivating properties of its product, we studied its expression as compared to that of c-e&Z by in situ hybridisation. Our present study provides the first in situ expression data of ck-erg gene during chicken development and suggests that ck-erg is apparently often co-expressed with c-ets-I, i.e., during angiogenesis and in neural crest, but could in other cases play a specific role during peculiar morphogenetic processes such as cartilage formation.
Erg encodes an ets family transcription factor widely expressed in chicken
The ck-erg cDNA encodes a 478 amino-acid protein corresponding to the human cDNA coding for the isoform protein ~55~'~. We failed to isolate other chicken cDNA clones corresponding to the alternatively spliced mRNA as previously described for the human erg locus Rao et al., 1987; DuterqueCoquillaud et al., 1993) but we cannot totally rule out their existence. The chicken Erg protein shows 95% amino-acid identity with the human ~55~'~ protein, indicating a very good conservation among species as is the case for the products of the c-ets-Z gene (Reddy et al., 1988; Stiegler et al., 1993) .
CAT assays and EMSA experiments show that the ckerg protein can act as a specific transactivator via an ETS-binding site. Indeed, no significant differences in transactivation levels are observed in vitro between the chicken and human Erg proteins. This suggests that the differences between the two Erg proteins, located either in the transcriptional regulatory domains (Siddique et al., 1993) or in the N-terminal part, do not affect the transactivation function in our tests. In addition, the Cterminal activator, proline rich, domain defined in the human Erg-2 protein appears structurally conserved in ck-erg, suggesting a possibly similar function.
Previous studies regarding the human erg expression in adult tissues by northern blot analyses have shown erg expression restricted to the thymus (Watson et al., 1992). Our studies in chicken, using the same technique, show a widespread expression of the chicken erg gene during developmental stages in total embryo and in newborn chicken tissues.
Ck-erg is co-expressed with c-ets-1 in either mesoderma1 or neurectodermal derivatives
In situ hybridisation analysis during several stages of embryonic development reveals that ck-erg is expressed as early as at El and throughout early development, suggesting for the first time a function of ck-erg gene in morphogenetic and differentiating processes leading to chicken embryo development.
Both ck-erg and c-ets-1 are expressed in extra embryonic blood islands at El and during early blood vessels ontogenesis. As already hypothesised for c-ets-I (Vandenbunder et al., 1989; Qutva et al., 1993; Pardanaud et al., 1993) , this suggests a role for ck-erg in primitive hematopoiesis occurring in blood islands (Romanoff, 1960) , vasculogenesis and angiogenesis. Our study identifies other co-expression areas of mesodermal origin: the sclerotome at E2, cells of the mesenchyme surrounding tissues either of ectodermal or of endoderma1 origin at E2, E3.5 and E6.
Gets-1 and ck-erg are also expressed in the neural crest which is a transitory entity of ectodermal origin that gives rise to mesenchyme cells and finally to cranial and spinal ganglia (Romanoff et al., 1960) . Ck-erg expression in neural crest could be consistent with the data implicating the human erg gene in neural crest derived tumours of childhood (Zucman et al. 1993; Sorensen et al., 1994) .
Thus, c-e&l and ck-erg share a wide range of coexpression sites in tissues of mostly mesodermal origin, with the notable exception of neural crest which derives from ectoderm. Such co-expressions, along with the similar in vitro transactivating properties of both genes products Woods et al., 1992; Murakami et al., 1993; Siddique et al., 1993 ; F.D. unpublished results), could suggest a partially redundant function in these tissues. Indeed, the two genes could synergise or complement for transactivation of same genes or distinct sets of genes, respectively. Alternatively, they could also antagonise each other, one gene product inhibiting directly or indirectly. transactivation by the other. Finally, the co-expression of the two genes in tissues of very distinct origin like mesodermal mesenthyme and ectodermal neural crest is striking and asks for explanation. One such explanation could relate to their common migratory property, implying a role of ck-erg and c-e&-l gene in cell motility.
Ck-erg expression is associated with cartilaginous differentiation preceding skeletal formation
In contrast to El and E2 stages, at which times ck-erg and c-ets-1 share overlapping patterns, E3.5 and E6 stages begin to show specific ck-erg expression areas. At E3.5, ck-erg is expressed in mesodermal derivatives such as dermatome cells and, as already visible at E2, sclerotomal cells, suggesting a role of this gene in the first steps of integument and skeletal system formation, respectively.
The important information we have obtained is the association of ck-erg expression with the precartilaginous condensation and chondrogenesis preceding bone formation at E6. This process is the first step of skeletal morphogenesis (Romanoff, 1960) . Thus, ck-erg could be involved in the early events of skeleton formation. Interestingly, from E2, with expression in sclerotomal and neural crest cells, to E6, with expression in differentiating chondroblasts during cartilage deposition, ck-erg is associated with tissues and processes leading to bone formation. Ck-erg could thus play a major role throughout this key step of normal vertebrate development. Such processes might malfunction, leading to pathological disorders. Indeed, the human erg gene is involved in Ewing's sarcoma (Sorensen et al., 1994) , a long bone tumour of childhood. We may conclude that erg gene could be implicated in normal formation of chicken skeletal tissue as well as in the occurrence of bone tumours in man.
This work represents the first study showing that the ck-erg expression is correlated with the early steps of skeletal elaboration. A family of proteins, the bone morphogenesis proteins (BMP), have been previously described as able to play a important role in normal skeletal development and ectopic induction of bone tissue (for review see Kingsley, 1994) . In mouse, two members of this family, BMP-2A and BMP4, have been found expressed in developing skeletal structures such as condensing precartilaginous area and mesenchyme of the early limb bud, respectively (Lyons et al., 1989; Jones et al., 1991) . To further understand the possible role of erg in cartilage differentiation, it would be of interest to study possible relations between erg, bmp2A and bmp4 gene expression during chicken or mouse development. It would be also interesting to study if BMP2A, BMP4 and Erg products could have synergistic, complementary or antagonistic effects on cartilage differentiation. During the completion of our work, another closely related Ets family member, ets-2, was shown to be expressed in cartilage primordia during mouse development (Maroulakou et al., 1994) . Thus, cartilage primordia may be a site expressing both genes. Reconstitution experiments will be needed to define if erg and ets-2 genes are really involved during chondroblasts differentiation and if other closely ets/erg related genes are also expressed and involved. Knock out experiments of such genes should also help defining their roles in skeletal elaboration. A chicken spleen cell cDNA library (kindly provided by K. Strebhardt and J. Mullins) has been screened using the human ~55~'g cDNA (1.6 kb BgnI fragment) as a probe (Duterque Coquillaud et al., 1993) . The washing conditions were: 2 x SSC, 0.1% SDS, 50°C 15 min twice and 2 x SSC, 0.1% SDS, 55°C 15 min. The longest DNA inserts were subcloned in the pBluescript vector and sequenced by the dideoxy method @anger et al., 1977) . Sequencing was performed in both directions using various synthetic primers. Eukaryotic expression pSG5 plasmids, containing sense and antisense ck-erg open reading frame, were constructed by Polymerase Chain Reaction (PCR) amplification using the cDNA as a template.
Antisera preparation
The DBD, 204, and A218 antisera were raised against amino-acids 305 to 365, 93 to 191 and 5 to 75 of the p55erg, respectively. The three corresponding DNA fragments were PCR amplified using human ~55~'~ cDNA fragment as a template and the three following The two primers for 204 were 5 'CCATAAGGATC CGATGGTGGGCAGCCCAGAC-3 ' and 5 ' -AGTTG GCAAGCTTGTGAGAGAAGGATGTCGGC-3'.
The two primers for A218 were 5 '-TCGTCTGGAT CCAAGGAAGCCTTATCAGTTG-3 ' and 5 ' -GCGA GCAAGCTTCACCTGGCTAGGGTTAC-3
' . The PCR-amplified fragments were cloned in-frame with the MS-2 sequence in the BarnHI Hind111 sites of pLC24 (Maniatis et al., 1982) . The bacterially expressed polypeptide, were purified by SDS-PAGE followed by electroelution. The rabbit injections were done according to the current protocol (Harlow and Lane, 1988 
Transcriptional activation studies of ck-Erg product
Monolayer cultures of NIH3T3 cells were grown in Dulbecco's Modified Eagle medium containing 10% foetal calf serum. DNA transfections were performed by the lipofection method (see above) (Boehringer). The cells were transfected simultaneously with either 1 pg or 5 pg of sense and antisense pSGSck-"g expression vector or with pSG5~55~"~~" (Duterque-Coquillaud et al., 1993) along with 1 pg of the reporter plasmid which contains the polyoma-virus enhancer derived sequence TORU (for TPA Oncogene Responsive Unit, Wasylyk et al., 1990) upstream of the thymidine kinase promoter and the chloramphenicol acetyl transferase (CAT) gene, and with 1 pg of pSVLUC plasmid (De Wet et al., 1987; Gouilleux et al., 1991) as an internal control of transfection efficiency. The DNA amount was equalised with pSG5 to 12 pg. Total cell extracts were prepared 48 h later and CAT assays were performed as previously described (Spegelaere et al., 1991) . Each CAT activity was normalised to the level of the corresponding luciferase activity assay.
RNA analysis
Total RNA from chicken embryos at different developmental stages and from newborn chicken organs was prepared by RNAzol according to manufacturer's instructions (Bioprobe system). Total RNA (40 &lane) was subjected to electrophoresis in agarose gel containing 1.2% formaldehyde and transferred onto nitrocellulose membranes.
The EcoRI fragment (1.2 kb) of the ck-erg cDNA was used as probe after multiprimed ar[32P]dCTP labelling following manufacturer's instructions (Amersham).
After hybridisation at 42°C the blots were washed in 2 x SSC, 0.1% SDS at 50°C for 15 min and in 0.1 x SSC, 0.1% SDS at 55°C.
In situ hybridisation
In situ hybridisation was performed on tissue sections of chicken embryos at various stages of development as described in QuCva et al. (1993) .
35S-labelled sense and antisense RNA probes were synthesised from chicken erg cDNA (EcoRl 1.2-kb fragment) cloned in the pBluescript plasmid and from the vets cDNA (750 bp BgAI-Hind111 fragment) cloned in the pSP64 and 65 plasmids (Vandenbunder et al., 1989) .
According to the recommendations of Cox et al. (1984) , sections were hybridised at 60°C for 16 h, washed in 4 x SSC at room temperature. Thereafter, the slides were washed in stringent buffer (50% Formamide; NaCl 0.15 M; Tris-HCl 20 mM; EDTA 5 mM), and treated with RNAse A (10 &ml type IIIA, Sigma) for 1 h at 37°C. The final washes were realised in 0.1 x SSC at 60-70°C for 10 min. The slides were dehydrated and dipped in a nuclear track emulsion (Kodak NTB2 diluted 1: 1 with 0.6 M ammonium acetate). The slides were exposed at 4°C for three weeks. After development, labelling with bisbenzimide (Hoecht dye 33258) to visualise the nuclei, the sections were then observed under double illumination using an Olympus BH2 photomicroscope with epifluorescence for Hoechst staining and a dark-field condenser for silver grain detection. In parallel with antisense probes, we always used on serial sections sense control probes that never gave any signal.
Histological staining
The sections were hydrated and stained with alcian blue as described by Lev and Spicer (1964) . They were counter stained with nuclear red, rinsed, dried up with ethanol and treated with xylene before mounting under coverslips with Xam (BDH).
